A major conceptual tenet of modern neuroscience, stated explicitly in the work of its founders (Freund 2002) , is that the computational properties of the brain are a direct consequence of its circuitry. This insight has been cumulatively validated over the years, but has received unprecedented attention in the past decades. This is owing to several factors. In the first place, technological advances have transformed the acquisition of data about neural connections from a slow paced, tentative groping, into a high throughput process of massive multimodal data acquisition (Kotter 2001; Buzsaki 2004 ) that encompasses morphological, neurochemical and functional variables. With the advent of modern neuroimaging methods, much of this data can now be observed in vivo (Aine 1995; Savoy 2001 ). In the second place, these advances in measurements have occurred on par with theoretical breakthroughs that now allow the formal analysis of large complex networks (Albert & Barabasi 2002; Hilgetag et al. 2002; Newman 2003) . In the third place, successful efforts in large-scale science, (brought to the limelight by the Human Genome Project) have established new paradigms of electronic collaboration, data sharing and processing that are being applied to the data acquired (Van Essen 2002) .
As a response to this situation, a series of multidisciplinary workshops have been organized around the theme of brain connectivity, first in Dusseldorf and later in Cambridge (Bullmore et al. 2004) . These workshops assessed the data accumulated, the methods by which they were gathered and analysed, and generated general theoretical conclusions. They also charted out areas in which further work was necessary. As a consequence, a third workshop was carried out during 26-30 April 2004 in Havana, organized by the Cuban Neuroscience Centre (http://www.hirnfor schung.net/download/bcw04.html). Emphasis on this occasion was placed on the use of in vivo neuroimaging with magnetic resonance imaging (MRI) and electroencephalogram (EEG), to determine both anatomical and physiological connectivity. Advances in statistical methodology to determine physiological connectivity was a theme of intense debate, especially regarding the analysis of multimodal EEG-fMRI experiments. The theoretical bases of connectivity studies were addressed with discussions of detailed modelling of neural systems at multiple spatial and temporal scales. Special attention was dedicated to the validation of hypothetical neural connections.
When discussing with Professor Semir Zeki the subject matter of these discussions, we were encouraged to put together a theme issue of the Philosophical Transactions of the Royal Society B dedicated to brain connectivity. For this purpose, we invited a distinguished series of authors to expand their thoughts, inspired by the Havana workshop and subsequent exchanges, in order to give a coherent overview of current work in this area.
The first four papers (Tuch et al. 2005; Perrin et al. 2005; Parker & Alexander 2005; Behrens & JohansenBerg 2005) provide a state-of-the-art revision of the use of diffusion MRI techniques for the in vivo estimation of anatomical connectivity. A new method-q-ball imaging-for measuring the diffusion of water with MRI is explained and validated both in animal preparations and phantoms. Another candidate method-PAS-MRI-is used to drive probabilistic fibre tracking for the first time, and the use of probabilistic tracking methods for the segmentation of brain structures is outlined.
These papers on anatomical connectivity are followed by those on physiological connectivity as reflected by EEG or fMRI time-series. The work by Worsley et al. (2005) , Dodel et al. (2005) and Salvador et al. (2005) and explain methods for the determination of functional connectivity, the relatively assumption-free estimation of the correlation between different brain areas (Friston 1994) . The performance of random field theory, the theoretical underpinning of neuroimaging statistics, for testing massive sets of correlations is studied. Methods for studying the conditional independence of brain structures are developed both in the time and frequency domain. Of note is the introduction of graphical models (Wermuth & Lauritzen 1990; Cowell et al. 1999 ) as a theoretically sound basis for the study of functional connectivity.
With more structured time-series models, Kamiń ski (2005) , Eichler (2005) , Valdés-Sosa et al. (2005) and Penny et al. (2005) attempt to estimate causal relations or effective connectivity in developments that combine modern causality theory (Glymour et al. 1988; Pearl 2000; Spirtes et al. 2000) with classical time-series analysis. The importance of including all sources of signals into a common multichannel system when estimating causal relations was stressed.
The following papers (Tass 2005; Beckmann et al. 2005; Koenig et al. 2005; Riera et al. 2005) develop methods for physiological connectivity analysis by means of EEG recordings, fMRI recordings or concurrent EEG/fMRI experiments. The latter pose challenging modelling issues, but also promise increased spatial and temporal resolution by the fusion of information between these modalities.
Placing this area of research on a sounder theoretical basis, Robinson et al. (2005) ; Breakspear & Stam (2005) and Harrison et al. (2005) develop multiscale, stochastic models of neural dynamics.
As important as it is to develop statistical methods for theoretical models of brain connectivity, it is essential to devise strategies to validate them. This aspect is addressed by the last two papers in the issue. Horwitz et al. (2005) develop realistic computational models that explore physical limits on inference about connectivity. Paus (2005) explores the use of transcranial magnetic stimulation (TMS) perturbation as a means of confirming casual relations in brain systems.
Careful perusal of this series of papers brings to mind areas in which further work must be done. The comparison of in vivo diffusion MRI-based tractography information with physiological connectivity measures in the same subjects has not been carried out systematically. The more ambitious use of diffusion MRI tractography probability distributions as prior information for the estimation of functional and effective connectivity has yet to be achieved. While progress in modelling neural systems at the dynamical level is encouraging, the formulation and validation of adequate observation equations leaves much to be desired. In all, this field will remain an exciting area of research in the future. 
